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POWER- SAVING THERMAL HEAD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a high efficiency thermal 
head to be used for a thermal printer and a method for 
manufacture of the thermal head. 

2. Description of the Related Art 

Generally as shown in FIG . 9, a conventional thermal 
head is provided with a glaze thermal insulation layer 
102 formed of alumina having a thickness of approximately 
80 fim formed on the top face of a radiative substrate 101 
and a convex 102a having a height of approximately 5 jam 
formed by means of the photolithographic technique on the 
top face of the glaze insulation layer 102. 

Furthermore , a heating resistor 103 formed of Ta-Si0 2 
is formed on the top face of the glaze thermal insulation 
layer 102 by means of the sputtering technique and 
photolithographic technique so as to form a pattern. 
Furthermore, a part of the heating resistor 103 functions 
as a heating element 103a arranged at an equal intervals 
on the space between a common electrode 104a and an 
individual electrode 104b, which will be described 
hereinafter. 

Herein, a heating resistor that has been subjected 
to high temperature stabilization heat treatment at 500 
to 800 °C after film forming is used as the heating resistor 




103. The high temperature stabilization heat treatment 
of the heating resistor 103 brings about the improved 
characteristic of the heating resistor 103 so that heating 
in printing does not result in increased resistance loss, 
and so that a heating head prints without irregular printing 
density . 

Therefore, the high temperature stabilization heat 
treatment of the heating resistor 103 is required 
inevitably for the conventional thermal head. 

Furthermore, on the top face of the heating resistor 
103, a power supplier (which includes the common electrode 
104a and the individual electrode 104b) that functions 
to supply electric energy to the heating resistor 103 having 
a thickness of approximately 2 jam consisting of a metal 
material such as Al , Cu, or Au is formed by means of 
sputtering, and the common electrode 104a, the individual 
electrode 104b, and out s ide - connect ion terminals (not 
shown in the drawing) of the electrodes 104a and 104b are 
formed by means of the photolithographic technique. 

Furthermore, at least on the top faces of the heating 
resistor 103 and the power supplier, a protection layer 
105 that functions to prevent wearing and oxidation of 
the heating resistor 103 and the electrodes 104a and 104b 
is formed. 

The protection layer 105 is formed of a layer having 

r 

a thickness of approximately 5 to 10 fj.m consisting of hard 
ceramic such as Si-O-N or Si-Al-O-N formed by means of 
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sputtering . 

In the case of the conventional thermal head, a 
current is supplied selectively to the common electrode 
104a and individual electrode 104b to heat the heating 
element 103a so as to transfer ink of an ink ribbon onto 
plain paper and so as to print a desired character or a 
desired image . Otherwise , a desired character or a desired 
image is printed directly on heat sensitive paper. 

A thermal printer having a conventional thermal head 
as described hereinabove that is portable and driven by 
use of a battery has been available commercially. The 
thermal head of the portable printer as described 
hereinabove is the biggest power consumer, and it 
particularly causes the short life of a battery. A 
power-saving thermal head has been expected to be 
developed . 

However, in the possible case where the thermal 
efficiency of a conventional thermal head is improved to 
save power by reserving the heat of the glaze thermal 
insulation layer 102 formed of glass glaze, the film 
thickness of the glaze should be thick . However , formation 
of a glaze thermal insulation layer 102 having a thickness 
thicker than conventionally used 80 jam is difficult 
technically and the t hi ckness is limited by the film forming 
technique used. As the result, no power-saving thermal 
head has been developed. 

Furthermore, a high temperature stabilization heat 
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treatment at a temperature of 500 to 800 °C is required 
to obtain a conventional thermal head after a heating 
resistor 103 is molded. However, the thermal treatment 
results in a complex manufacturing process . Furthermore , 
the thermal treatment requires calcination equipment, 
which results in high cost. 



SUMMARY OF THE INVENTION 
The present invention has been accomplished in view 
of the abovement ioned problem, and provides a thermal head 
and a method for manufacture of the same that is capable 
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Sj of saving power and bringing about the low cost 



Ul To solve the abovement ioned problem, a first 

C3 embodiment comprises a thermal head provided with a thermal 

If* 

ilj insulation layer on a radiative substrate, a plurality 

m 

P of heating resistor elements formed on a top face of the 

m 

thermal insulation layer, a power supplier having an 
individual electrode and a common electrode connected to 
the heating resistor elements to supply power to a heating 
resistor, and a protection layer that covers surfaces of 
at least the heating resistor elements and the power 
supplier. The thermal insulation layer includes a 
lamination of an inorganic thermal insulation layer having 
a ceramic containing Si, transition metal, and oxygen 
and/or nitrogen on an organic thermal insulation layer 
that includes polyimide resin. 

To solve the abovement ioned problem, a second 
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embodiment comprises a thermal head provided with a thermal 
insulation layer on a radiative substrate, a plurality 
of heating resistor elements on a top face of the thermal 
insulation layer, a power supplier having an individual 
electrode and a common electrode connected to the heating 
resistor elements to supply power to a heating resistor, 
and a protection layer that covers surfaces of at least 
the heating resistor elements and the power supplier. The 
, , thermal insulation layer includes a lamination of an 

inorganic thermal insulation layer having ceramic 

4a* 

containing Si, transition metal, and oxygen and/or 
® nitrogen on an organic thermal insulation layer that 

W includes a polyimide resin, an inorganic protection layer 

Q that includes an oxide of Si or Al , or a nitride, or a 

Hi carbide is additionally formed on a top face of the inorganic 

09 

p thermal insulation layer, and the heating elements are 

ry 

formed on a top face of the inorganic protection layer. 

To solve the abovement ioned problem, a third 
embodiment comprises a thermal head provided with a thermal 
insulation layer formed on a radiative substrate, a 
plurality of heating resistor elements formed on a top 
face of the thermal insulation layer, a power supplier 
having an individual electrode and a common electrode 
connected to the heating resistor elements to supply power 
to a heating resistor, and a protection layer that covers 
surfaces of at least the heating resistor elements and 
the power suppl ier. The thermal insulation layer includes 
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a lamination of an inorganic thermal insulation layer 
having ceramic containing Si, transition metal, and 
oxygen and/or nitrogen on the organic thermal insulation 
layer that includes polyimide resin, and the protection 
layer is formed with a ceramic film that includes the same 
material as that of the inorganic thermal insulation layer. 

To solve the abovement ioned problem, a fourth 
embodiment comprises a thermal head provided with a thermal 
insulation layer formed on a radiative substrate, a 
plurality of heating resistor elements formed on a top 
face of the thermal insulation layer, a power supplier 
having an individual electrode and a common electrode 
connected to the heating resistor elements to supply power 
to a heating resistor, and a protection layer that covers 
surfaces of at least the heating resistor elements and 
the power supplier. The thermal insulation layer has an 
organic thermal insulation layer that includes polyimide 
resin and a thermal diffusion layer is formed on a top 
face of the heating resistor elements with interposition 
of an electric insulation film. 

To solve the abovement i oned problem, a fifth 
embodiment comprises a thermal head provided with a thermal 
insulation layer formed on a radiative substrate, a 
plurality of heating resistor elements formed on a top 
face of the thermal insulation layer, a power supplier 
having an individual electrode and a common electrode 
connected to the heating resistor elements to supply power 



to a heating resistor, and a protection layer that covers 
surfaces of at least the heating resistor elements and 
the power supplier. The thermal insulation layer has an 
organic thermal insulation layer that includes polyimide 
resin and a thermal diffusion layer is formed on bottom 
faces of the heating resistor elements with interposition 
of an electric insulation film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial cross sectional view showing 
the structure of a thermal head in accordance with the 
first embodiment of the present invention; 

FIG. 2 is a partial cross sectional view showing 
the structure of a thermal head in accordance with the 
second embodiment of the present invention; 

FIG. 3 is a graph for describing the relation between 
the supplied power and the resistance change rate for a 
heat resistor in the cases of with and without thermal 
insulation layer in accordance with the present invention; 

FIG. 4 is a partial cross sectional view showing 
the structure of a thermal head in accordance with the 
third embodiment of the present invention; 

FIG. 5 is a partial cross sectional view showing 
t«he structure of a thermal head in accordance with the 
fourth embodiment of the present invention; 

FIG. 6 is a partial cross sectional view showing 
the structure of a thermal head in accordance with the 



fifth embodiment of the present invention; 

FIG. 7 is a partial plan view of a thermal head in 
accordance with the fifth embodiment of the present 
invention shown in FIG. 6; 

FIG. 8 is a partial cross sectional view showing 
the structure of a thermal head in accordance with the 
sixth embodiment of the present invention; and 

FIG. 9 is a partial cross sectional view showing 
the structure of a conventional thermal head. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A thermal head of the present invention and a method 
for manufacture of a thermal head of the present invention 
will be described in detail hereinafter with reference 
to the drawings. FIG. 1 is a partial cross sectional 
schematic view in accordance with the first embodiment 
of the present invent ion , FIG. 2 isa part ial cross sectional 
schematic view for describing the second embodiment of 
the present invention, and FIG. 3 is a diagram showing 
the resistance value change characteristic of a heat 
resistor in the case of with and without thermal insulation 
layer in accordance with the present invention 

At first, a thermal head of the first embodiment 
of the present invention is provided with a glaze layer 
12 having an approximately semicircle cross section 
comprising a glass glaze with the film thickness of 30 
to 80 \xm formed on the top face of a radiative substrate 
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11 that includes alumina as shown in FIG. 1. 

On the top of the glaze layer 12 , a convex 12a having 
an approximately trapezoidal cross section having a height 
of approximately 5 jim is formed by means of the 
photolithographic technique . 

On the top face of the radiative substrate 11 
including the glaze layer 12, a thermal insulation layer 
13 comprising an organic thermal insulation layer 14 and 
an inorganic high thermal insulation layer 15 is formed. 

The organic thermal insulation layer 14 having a 
film thickness of 10 to 30 jim includes polyimide resin 
deposited using an evaporation deposition technique . The 
thermal diffusivity of the organic thermal insulation 
layer 14 is very small (approximately 0.11 mm 2 /sec) , that 
is, approximately 1/4 in comparison with the glaze layer 
12 having a thermal diffusivity of approximately 0.45 
mm 2 /sec. The material is the best material for thermal 
insulation currently. However, the highest serviceable 
temperature of the organic thermal insulation layer 14 
is approximately 500 °C . 

The inorganic high thermal insulation layer 15 
having a thickness of 5 to 20 jam formed on the top face 
of the organic insulation layer 14 includes a complex oxide 
ceramic containing Si, a plurality of transition metals, 
and oxygen . 

A plurality of several transition metals are 
selected from among the plurality of transition metals 
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including, for example, Ta, W , Cr, Ti , Zr, Mo , Nb , Hf , 
V , Fe , Ni , and Co. - 

Furthermore, the inorganic high thermal insulation 
layer 15 may contain a complex nitride ceramic formed of 
Si, a plurality of transition metals, and nitrogen. 

The thermal diffusivity of such inorganic high 
thermal insulation layer 15 ranges from 0 . 3 to 0 . 5 mm 2 /sec . 

Furthermore, a resistor layer includes a high 
melting point cermet such as Ta-Si0 2 having a thickness 
of approximately 0.3 jam is formed on the top face of the 
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SJJ insulation layer 13 comprising the organic thermal 

W 

S3 insulation layer 14 and the inorganic high thermal 

Ul insulation layer 15 by means of sputtering , and the resistor 

5 

O layer is patterned by means of the photolithographic 

pj technique to form a plurality of heating resistors 16. 

83 

Q A heating element 16a of the heating resistor 16 

CU 

is formed between a common electrode 17a and an individual 
electrode 17b, which will be described hereinafter. 

The temperature of the heating element 16a rises 
to 400 to 500 °C during printing, which temperature is close 
to the limit of thermally endurable temperature of the 
organic thermal insulation layer 14. At that time, the 
temperature of the organic thermal insulation layer 14 
is thermally protected by the inorganic high thermal 
insulation layer 15 and the temperature rising is 
suppressed, and the polyimide resin of the organic thermal 
insulation layer 14 will not be damaged. 
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The power supplier 17 comprising the common 
electrode 17a and individual electrode 17b formed by 
patterning electrode material having aluminum, copper, 
or gold deposited so as to have a thickness of 1 to 2 fim 
by means of the photolithographic technique is provided 
on the top face of the heating resistor 16. 

Furthermore, an out side-connection terminal (not 
shown in the drawing) is formed on the electrodes 17a and 
17b so as to supply electric energy to the electrodes 17a 
and 17b to heat the heating element 16a. 

Furthermore, an oxidation resistant and wear 
resistant protection layer 18 that includes Si-Al-O-N 
covers the respective top faces of the heating resistor 
16 and the electrodes 17a and 17b. 

A method for manufacture of a thermal head in 
accordance with the first embodiment of the present 
invention wil 1 be described hereunder . At first, the glaze 
layer 12 is formed on the radiative substrate 11 by means 
of sputtering so as to form the convex 12a having a thickness 
of approximately 5 jam projectingly by means of the 
photolithographic technique in the first process. 

Next, the thermal insulation layer 13 is formed on 
the radiative substrate 11 in the first step. In the first 
process, the organic thermal' insulation layer 14 having 
a film thickness of 10 to 30 \xm that includes polyimide 
is formed by an evaporation polymerization technique on 
the radiative substrate 11 including the glaze layer 12 



in the state that the radiative substrate 11 is being heated 
to a temperature of approximately 200 °C . 

Thereafter, the organic thermal insulation layer 
14 is subjected to heat treatment at a temperature of 400 
to 500 °C, that is a temperature near the thermally damaging 
temperature to stabilize the film quality of the organic 
thermal insulation layer 14 and to increase the adhesion 
between the radiative substrate 11 and the glaze layer 
12 . 

In the first process , the top face of the heat - treated 
organic thermal insulation layer 14 is subjected to oxygen 
or nitrogen reactive sputtering by use of a sputtering 
target comprising a sintered material that includes Si 
and a plurality of transition metals or silicide under 
the condition in which the sputtering film forming pressure 
is set as high range as 1 . 0 Pa to 3 . 0 Pa. Thereby, the 
inorganic high thermal insulation layer 15 comprising 
columnar crystals having a thickness of 1 to 10 jam that 
includes a complex oxide ceramic or complex nitride ceramic 
is laminated, and the first process is brought to an end. 

Next, in the second process, the high melting point 
cermet heating resistor 16 having a film thickness of 
approximately 0.3 j^m having Ta-Si0 2 formed by sputtering 
in a temperature range from 100 to 300 °C is formed on the 
top face of the thermal insulation layer 13 . 

Next, in the third process, the common electrode 
17a and the individual electrode 17b of the power supplier 



17 are formed on the top face of the heating resistor 16 
by means of sputtering and photolithographic technique 
respectively. Next, in the fourth process , the protect ion 
layer 18 for covering the surface of the heating resistor 
16 and the power supplier 17 is formed. 

A current is supplied to the individual electrode 
17b of the thermal head as described hereinabove 
selectively based on the printing information to thereby 

1^ heat the heating element 16a of the heating resistor 16 

Q 

P selectively, and to thereby color thermosensi t ive paper 

Si 

m or transfer ink of an ink ribbon onto plain paper. As 
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the result, a desired high quality character or desired 
high quality image is printed. 

A high temperature heat treatment process applied 
at a temperature of 500 to 800 °C to stabilize the heating 



H resistor 16 as described in the related art is omitted 

in the method for manufacture of a thermal head of the 
present invention . 

The reason is that the element contained in the 
inorganic high thermal .insulation layer 15, for example, 
Si, oxygen, or nitrogen, diffuses into the heating resistor 
16 when the heating resistor 16 is heated, and functions 
to increase the resistance ratio of the heating resistor 
16 because the underlayer of the heating resistor 16 
comprises the inorganic high thermal insulation layer 15. 

Because the reduction characteristics of the 
essential resistance ratio of the heating resistor 16 is 
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offset by utilizing the function, the stabilization heat 
treatment process to be applied to the heating resistor 
16 can be omitted in the case of the method for manufacture 
of a thermal head in accordance with the present invention. 

The relation between the supplied power and the 
resistance change rate of the heating resistor 16 that 
has been manufactured without the stabilization heat 
treatment process is obtained by means of the step stress 
test (SST) , and the obtained result is shown in FIG. 3. 

The curve B shown in FIG. 3 is obtained by applying 
the SST in the case where the heating resistor 16 is formed 
(not shown in the drawing) directly on the top face of 
the glaze layer 12, and it is found that the resistance 
change rate changes toward the negative side sharply and 
the resistance value drops sharply concomitantly with the 
supplied power increase (the heating temperature rises) . 

The increased resistance change rate as shown in 
the case of the curve B causes increased resistance value 
drop of the heating resistor 16 and lowered temperature 
of the heater 16a when the heating density of the printing 
is high, and results in the low printing density. 

The resistance value drop of the heating element 
16a decreases and the temperature of the heater 16a 
increases to result in the high printing density when the 
heating density for printing is low. In other words, the 
printing density changes irregularly depending on the 
magnitude of the printing density, and the irregular 
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printing density change results in poor printing quality. 

On the other hand, in the case of the thermal head 
manufactured according to the method of the present 
invention, because the heating resistor 16 is formed on 
the top face of the glaze layer 12 with interposition of 
the inorganic high thermal insulation layer 15 of the 
thermal insulation layer 13, the curve A shown in FIG. 
3 is obtained. In other words, the resistance value will 
not drop even though the supplied power is increased in 
the range lower than 0.15 W/d, namely practically used 
supplied power range, and the temperature of the heating 
resistor 16 is increased. The curve A shows the flat mode 
that is equivalent to the curve obtained in the case of 



H ■ a conventional thermal head that has been subjected to 

HJ high temperature stabilization heat treatment. 

CO 

P Based on the behavior shown in FIG. 3, it is found 

111 

that the thermal head manuf actured according to the method 
of the present invention does not cause the problem though 
the high temperature heat treatment of the heating resistor 
16 is omitted. 

Alternatively, a method may be employed in which 
the glaze layer 12 is not formed and the thermal insulation 
layer 13 having a convex on a part of the thermal insulation 
layer 13 is formed directly on the substrate 11. 

FIG. 2 shows the second embodiment of the present 
invention. In this case, a convex 21a is monol i t hi ca 1 ly 
formed directly to form thetopfaceofa radiative substrate 



15 



21 comprising a single crystal silicon wafer or metal plate 
by means of photolithographic technique, polishing 
technique, or pressing technique. 

A thermal insulation layer 23 comprising an organic 
thermal insulation layer 24 and an inorganic high thermal 
insulation layer 25, which are the same as used in the 
first embodiment, is formed on the radiative substrate 
21, and a heating resistor 26, a power supplier 27, and 
a protection layer 28 are laminated on the top face of 
the thermal insulation layer 23. These components forms 
the thermal head in accordance with the second embodiment . 

The method for manufacture of the thermal head in 
accordance with the second embodiment will be described 
hereunder . The same manufacture method for manufacturing 
the thermal head in accordance with the first embodiment 
is used in the second embodiment excepting that the glaze 
layer 12 is not formed but the convex 21a is formed 
monolithically on the radiative substrate 21. The 
description of the manufacture process is omitted 
excepting the different point. 

In the case of the thermal head in accordance with 
the second embodiment, the glaze layer 12 described in 
the first embodiment is unnecessary, and the manufacture 
process is simplified. 

FIG. 4 is a partial cross sectional view of the third 
embodiment of the present invention, FIG. 5 is a partial 
cross sectional viewof the fourth embodiment of the present 



invention and FIG. 8 is a view of thermal characteristics 
of the thermal head of the third and fourth embodiments 
of the present invention. 

At first , a thermal head in accordance with the third 
embodiment is provided with a glaze thermal insulation 
layer 32 having a thickness of 30 to 80 jam having glass 
formed on the entire or partial top face of a radiative 
substrate 31 that includes alumina as shown in FIG. 4. 
A convex 32a having the cross section in the form of 
trapezoid ridge having a height of 5 to 15 jam is formed 
pro j ect ingly on the top face of the glaze thermal insulation 
layer 32 . 

An organic thermal insulation layer 33 that 
functions as a thermal insulation layer includes heat 
resistant polyimide resin having a thickness of 10 to 30 
^im is formed on the entire top face of the radiative 
substrate 31 including the convex 32a of the glaze thermal 
insulation layer 32. 

The organic thermal insulation layer 33 is formed 
by a vacuum evaporation polymerization technique. In 
detail, for example, the radiative substrate 31 is heated 
to a temperature of approximately 200 °C with exhaustion 
of the internal of a vacuum chamber, and gasified two 
component monomers used to form polyimide resin are then 
introduced to cause a chemical reaction in. the vacuum 
chamber. Thereby, the organic thermal insulation layer 
3.3 having an even thickness is formed as a laminate so 



as to have the same configuration as that of the top face 
of the radiative substrate 31. 

Thereafter, the laminate film is subjected to heat 
treatment at a temperature of 400 to 600 °C to complete 
the reaction of un-reacted components or to remove 
un-reacted components. As the result, a high heat 
resistant organic thermal insulation layer 33 containing 
less residual gas to be degassed is formed. 

Furthermore, it is possible to form a polyimide film 
having a thickness of 10 to 30 urn as the organic thermal 
insulation layer 33 using several tens of grams of raw 
material monomer by applying an evaporation polymerization 
technique. As the result, a polyimide film to be used 
as the organic thermal insulation layer 33 can be formed 
at a reduced material cost. 

Furthermore, the thermal dif fusivity of the organic 
thermal insulation layer 33 is as low as approximately 
0.11 mm 2 /sec in comparison with the thermal dif fusivity 
of the glaze thermal insulation layer 32 of approximately 
0.45 mm 2 / sec , namely approximately 1 / 4 of the glaze thermal 
insulation layer 32. 

Therefore, the heat generated from the heating 
element 36a, that will be described hereinafter, is 
accumulated in the organic thermal insulation layer 33, 
and the heat transfer to the radiative substrate 31 can 
be suppressed. As the result, the temperature drop of 
the heating element 36a is reduced during printing and 
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the high quality printing is realized. 

Furthermore, on the top face of the organic thermal 
insulation layer 33 , an inorganic thermal insulation layer 
34 having a thickness of 5 to 20 jam and including a 
combination of Si , trans i t ion metal , and oxygen, or complex 
oxide of nitrogen, or nitride ceramic is formed to thermally 
reinforce the polyimide resin. 

Because the inorganic thermal insulation layer 34 
1^ is formed as a low density black film in which oxygen or 

nitrogen is insufficiently contained by means of reactive 
sputtering technique under high gas pressure, the thermal 
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fl diffusivity of the inorganic thermal insulation layer 34 

is as low as 0 . 3 to 0 . 5 mm 2 / sec that is excellent in thermal 
insulation. The inorganic thermal insulation layer 34 
is a ceramic layer that contains free active transition 
metal and adheres firmly on the underlayer. 

, On the top face of the inorganic thermal insulation 
layer 34, a high insulating inorganic protection layer 
35 having a thickness of 0 . 1 to 1 jam that includes Si0 2/ 
SiC, Si-Al-O, A1 2 0 3 , or AlN is formed to protect the 
inorganic thermal insulation layer 34 mechanically and 
chemical ly . 

On the inorganic protection layer 35, a plurality 
of heating resistors 36 having a high melting point cermet 
such as Ta-Si0 2 is formed in the form of pattern. The 
heating resistor 36 is subjected to stabilization anneal 
treatment at a temperature of at least 400 °C or higher. 
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On the top face of the heating resistor 36, a power 
supplier 37v which comprises an common electrode 37a and 
individual electrode 37b, having a thickness of 
approximately 1 to 2 Jim and that includes a metal such 
as Al , Cu, or Au is formed to supply the electric power 
to the heating resistor 36. 

On the convex 32a disposed between the common 
electrode 37a and the individual electrode 37b, the heating 
element 36a is formed in the dot fashion. 

Furthermore, on the heating resistor 36, common 
electrode 37a and individual electrode 37b, a wear 
resistance layer 38 having a thickness of approximately 
5 jam and including Si-O-N or Si-Al-O-N is laminated to 
cover the respective underlayers . As the result, a high 
efficiency thermal head is manufactured. 

The thermal head having the structure as described 
hereinabove is excellent in heat accumulation performance 
because the four layers including the inorganic thermal 
insulation layer comprising the glaze thermal insulation 
layer 32, the organic thermal insulation layer 33 includes 
polyimide resin, the inorganic thermal insulation layer 
34, and the inorganic protection layer 35 are formed to 
form a laminate in the order from the bottom between the 
radiative substrate 31 and the heating resistor 36. 

Because the heat generated from the heating element 
3 6a during printing is accumulated in the inorganic thermal 
insulation layer 34, the organic thermal insulation layer 



33, and the glaze thermal insulation layer 32, and the 
heat is dissipated slowly through the radiative substrate 
31, the temperature -drop of the heating element 36a is 
reduced during printing, and the high quality printing 
is realized. 

Furthermore, the electric energy to be supplied to 
the heating resistor 36 can be reduced, and it is possible 
to realize a power-saving portable type thermal printer 
provided with a thermal head of the present invention, 
and the long battery life is realized. 

The radiative substrate 31 that includes alumina 
is described in the third embodiment of the present 
invention, but in the fourth embodiment of the present 
invention, a thermal head may be provided with a radiative 
substrate 31 formed of single crystal Si or a metal plate, 
which is highly heat radiative, having no glaze thermal 
insulation layer 32 as shown in FIG. 5. 

Because the radiative substrate 31 is formed of 
single crystal Si or a metal plate, it is possible to form 
a convex 31a directly on the radiative substrate 31 by 
means of photolithographic technique, polishing technique, 
or pressing technique as shown in FIG. 5. 

As the result , the thermal head of other embodiments 
of the present invention can be manufactured easily, and 
the time required for manufacture of the thermal head is 
shortened. 

The thermal head described in the fourth embodiment 



of the present invention is excellent in heat accumulation 
performance because the three layers comprising the 
organic thermal insulation layer 33 that includes 
polyimide resin, the inorganic thermal insulation layer 
34, and the inorganic protection layer 35 are formed to 
form a laminate in the order from the bottom between the 
radiative substrate 31 and the heating resistor 36. 

A thermal head in accordance with the fifth 
embodiment will be described hereunder. FIG. 6 is a 
partial cross sectional view showing the structure of the 
thermal head in accordance with the fifth embodiment of 
the present invention, and FIG. 7 is a plan view of the 
thermal head. 

In FIG. 6 and FIG. 7, 41 denotes a substrate that 
includes alumina or single crystal silicon, and a glaze 
thermal insulation layer 42 having a thickness of 40 to 
70 ^im and that includes glass is formed on the top face 
of the substrate 41. The glaze thermal insulation layer 
42 may have a cross section in the form of approximately 
trapezoidal convex having a height of 30 to 80 fim as in 
the case of the thermal head described in the first and 
third embodiments . 

An organic thermal insulation layer 43 having a 
thickness of 10 to 30 fim and that has a heat resistant 
resin material such as polyimide is laminated on the top 
face of the glaze thermal insulation layer 42. On the 
top face of the organic thermal insulation layer 43, a 



heating resistor 44 having Ta-Si0 2 is formed. 

The heating element 44a formed onapart of the heating 
resistor 44 is formed with a forming pitch A between adjacent 
heating elements 44a of 99.2 jim for obtaining 256 dpi 
resolution so that small dots are printed as shown in, 
for example, FIG. 8, and the size B in the arranging 
direction of the heating elements 44a is formed with a 
forming pitch B of 42 Jim (42 % of the forming pitch A) 
for obtaining 600 dpi resolution. 

In the case where the high resolution as high as 
800 dpi is to be obtained, the size B of the heating resistor 
44 is formed with the forming pitch of 31.75 jj.m (32 % of 
the forming pitch A) . 

Furthermore, the size C in the direction that is 
orthogonal to the arrangement of the heating elements 44a 
is formed so that the aspect ratio is in the range from 
0.8 to 1.5 with respect to the size B in the arrangement 
direction to print clear dots. 

An individual electrode 45 and common electrode 46 
having a thickness of 1 to 3 |^m and that includes Al , Cu , 
or Au are connected to the heating resistor 44. An 
electrical insulation film 47 having a thickness of 

r 

approximately 1 jim and that includes SiG 2 is laminated on 
the top face of these heating resistor 44, the individual 
electrode 45, and the common electrode 46. On the top 
face of the electrical insulation film 47, a thermal 
diffusion layer 48 having a thickness of 0.1 to 1.0 fim 



and including a high melting point metal such as Ti is 

formed. 

The thermal diffusion layer 48 has a width slightly 
wider than the size C of the heating element 44a and is 
laminated in the longitudinal direction of the arrangement 
of the heating elements 44a on the top face of the area 
on which the heating resistor 44 is formed as shown with 
chain double -dashed lines in FIG. 8. 

On the top face of the thermal diffusion film 48, 
a protection layer 49 having a thickness of 5 to 10 jim 
and including Si-O-N or Si-Al-O-N is laminated to prevent 
oxidation and wearing of the heating resistor 44, the 
individual electrode 45, and the common electrode 46. 

In the case of the thermal head having the structure 
as described hereinabove, because the heat generated from 
the heating element 44a when a current is supplied to the 
individual electrode 45 and the common electrode 46 is 
dissipated quickly in the areal direction (horizontal 
direction) through the thermal diffusion layer 48, it is 
possible to print a signal dot surely even in the initial 
stage at the starting of printing, and a high resolution 
print image can be obtained. 

As the result, the thermal head having the heating 
element 44a with a small forming size can retain sufficient 
thermal energy between adjacent heating elements 44a and 
44a when a suitable electric energy is supplied to the 
heating element 44a, the dot diameter of a dot that is 



printed is widened, the space between dots is covered with 
printing, and the sufficient printing density is obtained 
as a whole. 

Next, the sixth embodiment of the present invention 
will be described with reference to FIG. 8. FIG. 8 is 
a partial cross sectional view showing the structure . The 
sixth embodiment is different from the abovement ioned 
fifth embodiment in that the positional relation of the 
heating resistor 44 and the thermal diffusion layer 48 

2 is different each other. In detail, in the case of the 

O . 

Uj sixth embodiment, the thermal diffusion layer 48 is formed 

03 

W on the top face of the organic thermal insulation layer 

h h 

W 33, and the heating resistor 44, the common electrode 45, 

O and the individual electrode 46 are formed on the top face 

,U 

W of the thermal diffusion layer 48 with interposition of 

CO 

p the electric insulation layer 47. 



y 



The thermal head of the sixth embodiment having the 
structure as described hereinabove can provide the same 
effect as provided by the thermal head in accordance with 
the fifth embodiment. 

As described hereinabove, the thermal head of the 
present invention is manufactured according to a method 
in which heat resistant resin is used as the material of 
the thermal insulation layer, many heating resistors are 
formed on the top face of the organic thermal insulation 
layer, and the thermal diffusion layer is formed on the 
top face of the heating resistor with interposition of 
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the electric insulation film, or the thermal diffusion 
layer is formed on the bottom face of the heating resistor 
with interposition of the electric insulation layer. As 
the result, the energy saving thermal head is realized, 
and the heat generated from the heating resistor by 
supplying a current to the individual electrode and the 
common electrode is dissipated quickly in the areal 
direction (horizontal direction) through the thermal 
diffusion layer . 

Because of the above, a single dot can be printed 
surely even in the initial stage at the starting of printing, 
the dot diameter of a dot to be printed is widened by 
supplying a suitable amount of electric energy to the 
heating resistor as required and the space between dots 
is covered with printing, and sufficient printing density 
is obtained as a whole by use of the thermal head having 
a heating resistor with a small forming size to obtain 
a high resolution printed image. As the result, a high 
quality printed image can be obtained. 



